Background. Acute infectious gastroenteritis is an important cause of illness and death among children in low-income countries. In addition to rotavirus vaccination, actions to improve nutrition status, sanitation, and water quality are important to reduce enteric infections, which are frequent also among asymptomatic children. The aim of this study was to investigate if the high prevalence of these infections reflects that they often are not cleared properly by the immune response or rather is due to frequent pathogen exposure.
to pathogens [8] , and improved sanitation and supply of safe water have been proposed as critical for reducing enteric infections among children in low-income countries [9, 10] . Because longitudinal studies are lacking, it is currently not well known to what extent microbial persistence explains the high prevalence of enteric infections, or if it instead reflects that sequential infections due to multiple exposures are very common among children in poor countries.
Here we report the short-term outcome of enteric infections in children aged 2-59 months in a low-income setting in Zanzibar, focusing on pathogen clearance, reinfections, and the impact of nutritional status. The results suggest that massive exposure, rather than inability to eradicate pathogens, is the reason for the high prevalence.
METHODS

Samples and Study Participants
A study of fever etiologies among children aged 2-59 months was carried out during April-July 2011, a period comprising the end of the rainy season and beginning of the dry season, at Kivunge Primary Health Care Centre in the North A district M A J O R A R T I C L E in rural Zanzibar [11] . Causes of diarrhea were investigated in 165 children with a history of loose stools during the preceding 24 hours (in addition to a measured axillary temperature of ≥37.5°C or a history of fever during the preceding 24 hours according to the accompanying guardian), as previously reported [1] . The present study includes 127 patients (of the 165 with diarrhea), who had a rectal swab taken also at follow-up 14 days after the initial sampling. Age, anthropometric data, and prescription of antibiotics at baseline were registered in a case report form by a study nurse. Clinical data according to the integrated management of childhood illness guidelines form were recorded at baseline, whereas selected clinical data (general condition, fever, danger signs, diarrhea, blood in feces) were registered at follow-up. At inclusion their body temperatures ranged from 35.7°C to 39.2°C (mean, 37.3°C [standard error, 0.07]).
Nucleic Acid Extraction and Real-time Polymerase Chain Reaction
Rectal swab solution (250 µL) was mixed with 2 mL of lysis buffer, and this volume was used for extraction of total nucleic acid in an EasyMag instrument (bioMérieux, Marcy l'Étoile, France). The nucleic acids were eluted in 110 µL and of these, 5 µL was used for each polymerase chain reaction (PCR) assay. Real-time PCR was performed in an ABI 7900 384-well system (Applied Biosystems, Foster City, California) in 9 parallel reactions targeting adenovirus, astrovirus, norovirus genogroups I (GI) and II (GII), rotavirus, sapovirus, Campylobacter jejuni, Cryptosporidium parvum/hominis, ETEC producing heat labile toxin (eltB) or heat stable toxin (estA), Salmonella, and Shigella. The amplification details and target genes for each pathogen and oligonucleotide sequences (Supplementary Table 1) have been previously described [1] . All analyses were performed by the same technician, who used the same settings for cycle threshold (Ct) value read-outs in all runs.
Sequencing and Typing
A subset of the samples in which the same agent was detected at baseline and follow-up was analyzed by sequencing to compare the pathogens. Direct Sanger sequencing was performed on amplicons of VP4 and VP7 genes for rotavirus (corresponding to P and G subtypes), of capsid region for norovirus GII, flaA for Campylobacter [12] , and the trpB gene for Shigella [13] using cycle sequencing with dye terminators and reading the sequencing in an ABI 3130 Genetic Analyzer (Applied Biosystems).
Ethics
The study was approved by the Zanzibar Medical Research Ethics Committee and by the regional ethical review boards in Stockholm and Gothenburg, Sweden. Written informed consent was obtained from an accompanying caretaker for each child included in the study. 
RESULTS
Detection Frequencies, Microbial Clearance, and New Infections
The detection frequencies were high at baseline and were similarly high at follow-up for many agents (Table 1 ). This was, however, not due to persistent infections, but as shown in Figure 1 , to the combined result of clearance of the pathogen in some children and acquisition of the same pathogen in others (Table 1 ). In total, 52% of the agents detected at baseline were no longer detected at follow-up, corresponding to clearance rates ranging between 34% and 100% for the individual pathogens (Table 1) . A new ETEC-eltB infection was detected at follow-up in as many as 28%, whereas new infections of other agents were seen in 3%-15%. Overall, these shifts resulted in significant declines, compared with baseline, only for ETECestA (-40%) and Shigella (-29%).
Cycle Threshold Values
For pathogens detected at both baseline and follow-up (Figure 1 ), the Ct value increased significantly, and for most agents by >3.3 cycles, which corresponds to at least 1 log 10 decline of the microbial concentration ( Figure 1 and Table 2 ).
Clinical Outcome
The clinical status normalized in the vast majority of children. Diarrhea was recorded in 5 children at follow-up: 1 had acquired blood in stool and a new Shigella infection, 1 had a new astrovirus infection, 1 had Shigella and ETEC-eltB at both time points, another had norovirus GII at both time points, and 1 had no pathogen detected at follow-up.
Median z scores were -1.15 for weight for age, -1.22 for height for age, -0.88 for weight for height, and -1.05 for upper arm circumference for age. The z scores indicated moderate wasting (z score for weight for height below -2) in 21% (26/124), and moderate stunting (z score for height for age below -2) in 31% (37/124). There was no statistically significant association between moderate wasting (z scores below -2) and detection at baseline or with clearance, persistence, or new infection of any of the pathogens, as shown in detail for weight for height in Table 3 . At baseline, the 26 children with moderate wasting had a total of 66 detected pathogens (2.54 per child), among which 67% had been cleared at follow-up, compared with 216 detected pathogens in 98 children without wasting (2.20 per child), among which 48% had been cleared at follow-up. New infections were also acquired at follow-up with the same rate (1.15 vs 1.01 agents per child).
Antibiotics
Prescription of antibiotics at baseline was frequent, and was given as cotrimoxazole (n = 45), ampicillin/amoxicillin (n = 19), crystalline penicillin (n = 17), nalidixic acid (n = 21), erythromycin (n = 17), or metronidazole (n = 2), often because the child also had respiratory symptoms. Details of antibiotics prescribed to patients with different pathogens are given in Table 4 , which shows that there was no significant association between antibiotic treatment and clearance of the pathogen.
Sequencing
Sequencing was applied on selected samples to explore if the same strain of rotavirus, norovirus GII, Campylobacter, or Shigella was present at baseline and follow-up (Table 5 ). Of 11 paired samples with norovirus GII, 10 had the same type (GII.4 or GII.16 on both occasions, with Ct values increasing by on average 5.0 cycles), suggesting persistent infections with declining viral loads. One case showed a shift from GII.4 to GII.16.
The 3 pairs with rotavirus showed the same subtype (G8P10) on both occasions, with Ct values increasing by 9.2 to 13.9 cycles, indicating persistent infections with declining viral loads. Two of the 8 paired samples with Campylobacter had 1-3 nucleotide differences, and the other 6 had 23-102 nucleotide differences, suggesting that they represented a combination of clearance and new infection. Three of the 6 paired samples with Shigella had 17-27 nucleotide differences, suggesting that they represented a combination of clearance and new infection.
DISCUSSION
Several previous studies in low-income countries have shown that infections with enteric pathogens are frequent among children with or without diarrhea [1] [2] [3] [4] 14] . Most of these studies are cross-sectional and the rare longitudinal studies focus on only 1 or a few pathogens [15] [16] [17] [18] . Therefore, it is not known how fast these enteric infections are cleared, or if clearance rates differ between the pathogens or between causative and coinfecting agents. Even less is known about the risk of becoming infected with new diarrheagenic agents after recovery from acute diarrhea. The present study, which investigates the shortterm evolution of enteric infections using a real-time PCR assay that targets a wide range of pathogens, provides novel data about clearance and acquisition of these infections, as well as about changes in pathogen concentration.
At baseline, we found high detection frequencies for norovirus GII, Cryptosporidium, ETEC-estA, Shigella, Campylobacter, and ETEC-eltB, as previously reported [1] . At follow-up, a large proportion of pathogens detected at baseline had been cleared, with eradication rates ranging between 34% and 100%. Pathogen reduction was even greater if Ct values were taken into account, because a significant decrease of pathogen load was observed for almost all agents that were detected on both time points in the same patient. However, as a result of the high rates of reinfection, significant reductions of detection frequencies at follow-up were achieved only for ETEC-estA and Shigella. Considering that ETEC-estA and Shigella have been strongly associated with symptomatic infection in previous studies [2, 3, 14] , this finding suggests that enteric agents that cause diarrhea are cleared more effectively than other agents. Polymicrobial infections were frequent, and several pathogens were probably not associated with symptoms, because in our previous comparison they were not detected significantly more often than in healthy controls, as has also been reported by others [3] . Analysis of follow-up samples showed that such coinfecting pathogens, which in most cases likely were not causing symptoms, were also rapidly eradicated. This finding indicates that asymptomatic coinfections are not frequent because they are long lasting. Instead, the high rates of enteric infections among healthy children are probably a result of frequent transient infections, most of which are cleared by effective immune responses.
Within 2 weeks, 28% of the children had acquired a new ETEC-eltB infection, and new infections were relatively frequent also for ETEC-estA (13%), Campylobacter (10%), norovirus GII (9%), Cryptosporidium (9%), and Shigella (7%). These rates demonstrate the heavy exposure to enteric pathogens that children encounter in low-income settings such as Zanzibar. The findings suggest that improving sanitary conditions and safe water supply are essential for reducing diarrheal disease among children in low-income parts of the world [8] . Most of the children in this study were living under poor conditions and the nutritional status of the children was reduced, with weight and height being on average 1 standard deviation lower than normal for age, and z scores being below -2 in 27% (weightfor-height) and 31% (height-for-age) of the children. Diarrhea, enteric infections, and malnutrition are interrelated in a complex manner, in which diarrhea may contribute to malnutrition, and malnutrition leads to more frequent and prolonged enteric infections [5] [6] [7] . The majority of the infections were eradicated or strongly suppressed within 2 weeks, and there was no difference in pathogen clearance between children with z scores for weight or height below -2 as compared with above -2 in z score. In fact, children with moderate wasting cleared 67% of all pathogens, compared with 48% of children without wasting (weight-forheight z score above -2). This suggests that the high prevalence of enteric infections, observed in this and several previous studies, is not due to poor immune clearance of these infections because of malnutrition, but more likely a result of heavy exposure to pathogens, from contaminated household water [8, 19] or other sources. Actions to improve sanitation and water supply are therefore of high priority, but such efforts may not prove effective [20] , or might be of uncertain value [8] . To measure the impact of programs for improved sanitation and safe water supply on enteric infections, it is necessary to have suitable tools. The strategy to analyze paired samples collected 2 weeks apart allowed us to identify new infections and to calculate exposure, and should be useful for evaluating the impact of intervention.
There are a few longitudinal studies to which our results can be at least partly related. In longitudinal studies from in Bangladesh [17] , Egypt [16] , and Guinea-Bissau [14, 18, 21] , relatively high rates of ETEC infections were observed in samples collected weekly or every other week, but the detection frequencies for ETEC as well as other agents were lower than in our study. Data on clearance were only presented in a study from Guinea-Bissau, which in agreement with our findings showed that 81% of ETEC infections cleared within 2 weeks. A longitudinal study from Cameroon comprising monthly sampling during 1 year observed rare protracted norovirus infections [15] . Similarly, in our study most norovirus GII infections were rapidly cleared, but almost a third remained after 2 weeks, including some with moderately reduced viral loads, suggesting that they might persist even longer. One limitation of this study is that the study period was only 3 months. This probably influenced the detection rates for agents that fluctuate over the year, such as rotavirus. Because seasonal variations are relatively slow, they probably had small impact on the short-term changes in pathogen detection that were the main objective of the study. Another limitation is that baseline and follow-up samples were not collected from healthy controls, and therefore we do not know the rate of pathogen clearance in children without diarrhea. Finally, it should be pointed out that anamnestic or measured fever was an inclusion criterion. Although mild in the majority of cases, it is possible that fever could have influenced the likelihood of clearance or the risk of acquiring a new infection.
In summary, the results indicate that children residing in poor socioeconomic conditions like Zanzibar are heavily exposed to enteric pathogens, and that long-term presence of pathogenic microbes in the intestine is not due to host tolerance or weak immune responses; rather, most symptomatic and asymptomatic infections appear to be eradicated, repeatedly and efficaciously.
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